Background: MicroRNA (miRNA) regulates post-transcriptional gene expression through binding to complementary sites of target messenger RNA, including that from oncogenes or tumor suppressor genes. This study planned to pursue the possibility that circulating miRNA could be used for the early diagnosis of diffuse large B-cell lymphoma (DLBCL). Materials and Methods: Expression levels of miRNA obtained from serum, exosome-enriched serum, and formalin-fixed paraffinembedded (FFPE) tissue were evaluated. Samples were collected from patients with newly diagnosed DLBCL (n = 33) or healthy volunteers (n = 22). Based on the results of previous reports, ten miRNAs were selected and expression levels were analyzed by the quantitative real-time PCR. Results: The expression levels of hsa-miR-15a-3p, hsa-miR-21-5p, hsa-miR-181a-5p, and hsa-miR-210-5p differed significantly between DLBCL patients and controls in serum and/or exosomeenriched serum, but not in FFPE tissue. In contrast, expression levels of hsa-miR-155-5p in FFPE tissue were significantly higher in DLBCL patients, as previously reported. Conclusion: We confirmed that some miRNAs were differentially expressed in serum from DLBCL patients as previously reported. Measurement of these miRNA in exosome-enriched serum did not improve the accuracy in the differential diagnosis of DLBCL. In addition, these miRNAs seem to be produced outside of lymphoma tissue. * Corresponding author.
Introduction
MicroRNA (miRNA) is a class of non-coding small RNA (~22 nucleotides) that regulates post-transcriptional gene expression by binding to the complementary sites of target messenger RNA [1] . MiRNAs have important functions in oncogenesis or as tumor suppressors due to their prominent role in regulating cancer pathways. Because of their inherent stability in the blood [2] , circulating miRNAs could be a suitable and convenient biomarker for the early diagnosis of cancer [3] [4] . Recent reports suggested that circulating miRNA is contained within exosomes [2] [5] or complexed with proteins, such as Argonaute2 [6] , which contributes to their stability in the blood.
Diffuse large B-cell lymphoma (DLBCL) is an aggressive tumor that is the most common type of non-Hodgkin lymphoma. Although the treatment of DLBCL has become increasingly successful, mostly due to the anti-CD20 antibody rituximab, early disease detection and biopsy-proven diagnosis are keys to improving treatment outcome and reducing mortality. DLBCL often occurs in lymph nodes or in Waldeyer's ring, however, extranodal disease occurs in up to 30% -40% of cases. The most common site of extranodal involvement is the stomach/gastrointestinal tract [7] [8] , but the disease can arise in virtually any tissue, which sometimes makes biopsy difficult or more invasive than that of superficial lesions. Therefore, sensitive and specific biomarkers for DLBCL will be useful in deciding whether to use an invasive procedure for diagnosis.
To date, elevated levels of some miRNAs, such as miR-15a, miR-21, miR-155, and miR-210, have been found in the serum of patients with DLBCL [9] [10] . Indeed, these miRNAs are potentially useful as biomarkers; however, the sensitivity and specificity should be further increased to improve the ability to distinguish DLBCL from other conditions. To address this issue, we focused on circulating exosome-derived miRNAs and evaluated their expression levels not only in plain serum but also in exosome-enriched serum from patients with newly diagnosed DLBCL. In addition, the expression levels of miRNAs from lymph nodes were also measured to evaluate whether miRNAs showing elevated expression in serum originated in the lymphoma tissue.
Materials and Methods

Study Design
This study was approved by the institutional review board of Ibaraki Prefectural Central Hospital, Japan. We evaluated miRNA expression levels in serum, exosome-enriched serum, and formalin-fixed paraffin-embedded (FFPE) tissue. Based on the results of previous reports, 10 miRNAs (the 5p and 3p strands of hsa-miR-15a, hsamiR-21, hsa-miR-155, hsa-miR-181a, and hsa-miR-210) were selected as candidate biomarkers ( Table 1) . The serum samples were collected from patients with DLBCL or from healthy volunteers with consent. All the patients with DLBCL were newly diagnosed at the hospital between March 2012 and August 2013. The FFPE biopsy samples were collected from DLBCL lesions, mainly lymph nodes. FFPE tissues from reactive hyperplastic lymph nodes were used as controls. The small RNA molecules, such as miR-16, miR-39, miR-24, RNU6B, and RNU48, have previously been used to normalize expression of target miRNAs [9] - [13] . In this study, miR-24 was chosen as endogenous control, because it showed proper and relatively stable expression in our preliminary study (data not shown).
Quantification of Circulating miRNA in Serum
Total RNA was extracted from serum samples using the mirVana PARIS Isolation Kit (Ambion, Austin, TX) in accordance with the manufacturer's instructions. RNA concentrations were measured using the NanoDrop ND-2000 spectrophotometer (NanoDrop Technologies, Wilmington, DE). To measure miRNA expression levels, TaqMan MicroRNA Assays (Applied Biosystems, Foster City, CA) were used according to the manufacturer's instructions. Briefly, 10 ng of total RNA was reverse transcribed using the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems) in a 15-µL reaction volume for 30 min at 16˚C, 30 min at 42˚C, and 5 min at 85˚C. With the reverse transcription product, the expression level of each miRNA was quantified by real-time PCR in a duplicate manner with the 7500 Fast Dx Real-Time PCR System and the software program SDS v1.4 (Applied Biosystems). The PCR protocol was as follows: incubation for 2 min at 50˚C and 10 min at 95˚C, followed by 40 cycles of 15 s at 95˚C and 1 min at 60˚C. The mean cycle threshold (Ct) value of each miRNA was normalized to the mean Ct of hsa-miR-24-3p, yielding a ΔC T value (ΔC T = C T(miR-target) − C T(miR-24) ). Relative expression levels were reported as 2 −ΔCT .
Quantification of miRNA in Exosome-Enriched Serum
To concentrate serum exosomes, the serum sample was centrifuged at 2000 g for 30 min, and combined with 0.2 volume of total exosome isolation (from serum) reagent (Invitrogen, Carlsbad, CA). The sample was incubated for 30 min at 4˚C, and centrifuged for 10 min at 10,000 g. Then, the Total Exosome RNA and Protein Isolation Kit (Invitrogen) was used for extraction of total RNA in accordance with the manufacturer's instructions, and miRNA expression was measured as described above.
Quantification of miRNA in FFPE Tissue
In each specimen, total RNA was extracted from 8 FFPE sections of 10-µm thickness. These 8 sections were placed in a tube and deparaffinized using 1 mL of xylene (Wako), and washed with 1 mL of 99.5% ethanol (Wako). After drying, total RNA was extracted with a Recoverall Total Nucleic Acid Isolation Kit (Ambion) in accordance with the manufacturer's instructions, and miRNA expression was measured as previously described. MiR-24 was used again as an endogenous control based on a previous report [14] . MiR-155, whose upregulation was previously demonstrated in FFPE tissue from DLBCL patients [13] [15], was used as a positive control.
Statistical Analysis
Statistical analysis was performed with GraphPad Prism 6.03 (GraphPad Software, San Diego, CA). The MannWhitney U test was used to determine statistically significant differences between healthy volunteers and patients with DLBCL. P values < 0.05 were considered statistically significant. Receiver operating characteristic (ROC) curve analysis was performed to determine the areas under the curve (AUCs), sensitivity, and specificity. The point closet to the upper left-hand corner of the ROC curve was chosen as the optimum sensitivity and specificity values.
Results
Patient Characteristics
Serum samples were collected from 33 patients with DLBCL and from 22 healthy volunteers. FFPE samples were from 22 patients with DLBCL and 6 reactive hyperplastic lymph nodes ( Table 2) .
Expression of Circulating miRNAs in Serum
The expression of 10 miRNAs in the serum of DLBCL patients (n = 33) was compared with that of healthy vo- lunteers (n = 22). As described, we chose these miRNAs based on previous reports on DLBCL ( Table 1) . Among these miRNAs, the expression of 3 miRNAs was significantly increased in DLBCL patients relative to healthy volunteers (hsa-miR-15a-3p, p = 0.014; hsa-miR-21-5p, p = 0.004; hsa-miR-210-5p, p = 0.033. Figure  1(a), Figure 1(b), Figure 1(d) ). The expression of hsa-miR-181a-5p was significantly decreased in DLBCL patients relative to healthy volunteers (p = 0.045; Figure 1(c) ). The expression of hsa-miR-155-5p and hsa-miR-210-3p did not differ significantly between the 2 groups ( Table 3) . In most serum samples, hsa-miR-15a-5p, hsa-miR-21-3p, hsa-miR-155-3p, and hsa-miR-181a-3p were not detected ( Table 3) .
We next evaluated the value of miRNA as a diagnostic biomarker using ROC curve analysis (Figure 2) . The AUCs were 0.676 for hsa-miR-15a-3p (57.1% in sensitivity; 72.7% in specificity), 0.711 for hsa-miR-21-5p (60.7% sensitivity; 81.8% specificity), 0.636 for hsa-miR-181a-5p (50% sensitivity; 77.3% specificity) and 0.675 for hsa-miR-210-5p (75% sensitivity; 62.5% specificity). These data suggested that none of the miRNA we evaluated was sensitive or specific enough for use as a diagnostic marker, although expression levels differed significantly between patients and controls.
Evaluation of miRNA Expression after Exosome Enrichment
To improve the diagnostic acuity, we enriched exosomes in the sample sera using a commercially available kit because recent studies suggested that some circulating miRNAs are contained within exosomes [2] [5] . The same serum samples used to evaluate miRNA expression were used, but some were not available due to a shortage of storage. Patient characteristics of the final cohort are summarized in Table 2 . Expression of the 10 candidate miRNAs was significantly higher in DLBCL patients for hsa-miR-15a-3p and hsa-miR-21-5p (p = 0.016 and p < 0.001, respectively), and significantly lower for hsa-miR-181a-5p (p = 0.024; Figure 3 ). The AUCs were 0.714 for hsa-miR-15a-3p (72% sensitivity; 69.2% specificity), 0.779 for hsa-miR-21-5p (62.1% sensitivity; 78.9% specificity), and 0.672 for miR-181a-5p (60.7% sensitivity; 68.4% specificity; Figure 4 ). In conclusion, we could not demonstrate sufficient improvement in diagnostic acuity after exosome enrichment.
Expression Levels of miRNAs in FFPE Tissue
Finally, we examined whether the miRNAs that showed different expression levels in the plain or exosome- Figure 3 . Expression of hsa-miR-15a-3p (a), hsa-miR-21-5p (b), and hsa-miR-181a-5p (c) differed significantly between DLBCL patients and healthy volunteers (p < 0.05). Expression levels (log2 scale on the y-axis) were normalized to hsa-miR-24-3p. Statistically significant differences were determined using the Mann-Whitney U test (one-tailed test). enriched sera originated in lymphoma tissues. MiRNAs were extracted from FFPE biopsy samples of DLBCL patients. These patients were in the same cohort in which their sera and exosome-enriched sera were analyzed, but only biopsy samples containing sufficient miRNA were assessed this time. The patient characteristics of the final cohort are summarized in Table 2 . The expression levels of the miRNAs listed in Table 1 were measured while miR-155 was used as the positive control this time. We could not find significantly different from reactive hyperplastic lymph nodes, with the exception of hsa-miR-210-5p, which was significantly decreased in DLBCL patients (p = 0.028; Figure 5 ). The miRNA expression results from serum, exosome-enriched serum, and FFPE tissue are summarized in Table 3 . Figure 5 . Expression levels of miRNA in FFPE tissue. The expression levels of miRNAs in FFPE tissue were compared between DLBCL and reactive hyperplastic lymph nodes. Only the expression of hsa-miR-210-5p (d) was significantly different (p < 0.05). Hsa-miR-155-3p and hsa-miR-155-5p were used as positive controls. The expression levels of miRNAs (log2 scale on the y-axis) were normalized to hsa-miR-24-3p. Statistically significant differences were determined using the MannWhitney U test (one-tailed test).
Discussion
It is reported that extracellular miRNA is transported by apoptotic bodies, protein complexes, exosomes, and microvesicles [16] , and exosomal miRNA is reported to play a role in intercellular communication [17] . In this study, we expected that diagnostic accuracy would be improved by exosome enrichment but we could not find it. Of course, there is much room for improving and it is too early to draw firm conclusions. We could try only a single method for the enrichment because of the amount of serum storage. In a recent study, Yoshioka et al. reported that the ExoScreen method, which enables the detection of circulating extracellular vesicles, including exosomes and microvesicles from cancer cells, without the need for a purification step [18] . Diagnostic prediction with circulating miRNAs may be improved by such methods.
We also quantified miRNA expression in DLBCL tissues to investigate the relationship between intracellular and extracellular miRNA levels. We used not frozen but FFPE tissue, as it is easily available and previous studies found a good correlation between miRNA expression in FFPE and frozen cells/tissue samples [14] [19] [20] .
The expression levels of 3 miRNAs (hsa-miR-15a-3p, hsa-miR-21-5p, and hsa-miR-181a-5p) differed significantly between DLBCL patients and healthy volunteers in both plain and exosome-enriched serum (Figure 1,  Figure 3 , Table 3 ), suggesting that these miRNAs may be useful as biomarkers. To improve diagnostic sensitivity and specificity, some miRNA pairs such as hsa-miR-15a-3p and hsa-miR-21-5p were evaluated using the cut-off values determined by ROC curves, but no combinations improved the prediction of DLBCL (data not shown). Additionally, the expression of these 3 miRNAs in lymph nodes was not significantly different between DLBCL patients and controls ( Figure 5, Table 3 ), suggesting that the hsa-miR-15a-3p, hsa-miR-21-5p, and hsamiR-181a-5p in serum are produced outside of lymphoma tissue. If true, we guess that miRNAs which are derived directly from lymphoma cells could be more accurate and sensitive diagnostic biomarkers. Anyway, consistent with our results, Munch-Petersen et al. reported that miR-21 was expressed in stromal cells but not DLBCL tumor cells [21] . A recent study reported that some miRNAs, which is derived from non-cancer cells, had the ability to suppress the growth of cancer cell proliferation, not only in vitro but also in vivo [22] . Thus, these miRNAs in serum might influence lymphoma cell growth.
In this study, hsa-miR-210-5p was overexpressed in plain serum but not in exosome-enriched serum samples from DLBCL patients (Figure 1, Figure 3 , Table 3 ). In addition, the expression levels of hsa-miR-210-5p in FFPE tissues were significantly downregulated in DLBCL patients ( Figure 5, Table 3 ). Taken together, these findings suggest that hsa-miR-210-5p in serum might originate outside of lymphoma tissue and it is transported by structures other than exosomes, such as microvesicles or protein complexes. MiR-210 is involved in regulating the cell cycle, cell survival, differentiation, and DNA repair, as well as the immune response [23] , and has been reported to function as both an oncogene and a tumor suppressor [24] .
As mentioned above, miRNAs evaluated in this study are involved in not only DLBCL but also general cancer biology. MiR-15a, miR-21, miR-181a, and miR-210 were shown to target the anti-apoptotic BCL-2 [23] [25]- [28] , which plays an important role in carcinogenesis, including lymphomagenesis [29] . In addition, miR-21 was reported to promote cell invasion, migration, and growth by suppressing the expression of phosphatase and Tensin Homolog Deleted from Chromosome 10 (PTEN) [30] . MiR-21 was also found to be overexpressed in the serum of patients with breast cancer, ovarian cancer, and non-small cell lung cancer [31] . Alencar et al. reported that high expression of miR-181a in the DLBCL tissue correlates with poor progression-free survival and miR-181a directly downregulates the expression of FOXP1 [12] . However, the reason for the downregulation of hsa-miR-181a-5p in DLBCL serum in our study (Figure 1) remains unclear. Further studies are necessary to determine whether the expression level of miRNAs is useful diagnostic or prognostic biomarker for DLBCL.
Conclusion
We confirmed that some miRNAs are differentially expressed in serum from DLBCL patients as previously reported. The miRNAs we evaluated, however, were not sensitive or specific enough for use as a diagnostic marker, and exosome-enriched serum did not improve the accuracy. Finally, these miRNAs seem to be produced outside of lymphoma tissue.
